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PROBLEM TO BE SOLVED: To obtain a semiconductor light emitting element whose film thickness 
can be controlled with high accuracy and to obtain its manufacturing method. 
SOLUTION: A low-temperature-growth buffer layer 2. a gIIN I^^^ layer 4. a crack 

preventive layer 5, an n-clad layer 6, an active layer 7, a first p-clad layer 8 and a second p^clad layer 
9 are epitaxially grown sequentially on a sapphire substrate jt;:; The first p-elad i^^ 8 is composed of 
AIO.iGjab.9 N. the second p-clad layer 9 is composed of Aio^2ba0.8NO:9P^^^^^ By excluding a stripe- 
shaped region on first p-clad Iayer8, thasecpnd p^cla^^^^^ an RIBE method. 
At thi^ time, since the etch rate of the second |>dad layer 91]^ large ^^a^^ conipared with that of the first 
p-ctad layer 8, an etching operation can be stopped at the fiirst-p-clad layer 8. 
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8t}<kt/p-»2:?7-yH«9 iSrJiit =^ v'-ir 
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<^>> y >y mi)m^^k: miB® 1 CO;? 5 '/ \im±tcx 
sa5aii:®7&<j^jS$ ix. friem 2 ^ -y Ha**tfFam 1 

>y HSlcib'<.-C;*:#*X y^>'^SES^irtSS 

«$ti.fcc ^#mi:-rsff^2fet8oims[«c|gM3g 

«2iE«<0*»f<cSK!eS^. 

<r>9 5 -y vmim^^ti. friem 1 <7):J' 9 y Ha±fcj^ 
imuw>n<r>mtm 1 ^ <y Ks±i3 .ti^Hiifasaaa 

ifimm KOi^y y miZit^X:k^ 55:X -y -^yrTiSS 

[ff^fl?] BiiiemaaiaiUii4, xfun^A, 



<r>m±izm2<Dmi:m^-ri>xub. mm2<^mi:x. 
wms^2<nm<mi^b\^xmmi<nm\iz]3c^ 

101 Buiem 1 cojui® 1 co;i? 5 >y ne-c* 

xyf-y^fc: J; OvJ^ h 7>f :7^^^Pgp^?gfig:^Sj:S 

i: mm2<^M0mt.vxmm 1 <oat3jfc 

[fS^ 1 2 ] laiBSS 1 <^Jitt> 9 «y HJB-C* 0 , KT 

tern 2 coiitimoiaaitST'* * c: t k -t sis^ 

inm. 1 4 ] Sif^H 2 cDJBO*J^Sf k LT >'i^''>A 

1 2«v^m3&»fciefi^oif^l65esgwsJt^rffi. 

[0001] 

m) . GaN (m^yU-^A) , AIN (g-ffcT/l'^- 

[0O02] 
S. 

[00 03] 08. a9iJ<tt'fSl 0{4C^<O'J-y>'';^ 
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imi oi:mii^i}^ii>mk<^G aiAsmmiiiiy-'f 

[0004] t-r. 08fc:*-tJ:5{C. GaAs^e 

l±{2x n-GaAs*>^^:*n-;''\>y 7rii6 2. n 
-Al GaAs*»^^:Sn-^'9y H«63v Al Ga 
As3&>^>^:6«eJ16 4. p-Al GaAsA»6!3r?.P 
Kil6 5, P-A 1 GaAs*>A,^ax.y 
^y:/*?fiUi6 6i3XV^p-A I Ga A s *»4>^.5 p - 

' i 0«^c i •!? :^^^ifcJi 6 6 OX .y f-i^^jSg*rp 

. 2 ^' 5. •«/ H « 6 7 cox >y ^i^;fOaS J: "9 < 

x.y>xyf->'j/t-S. -eixtciOs X-yf-yi^f^ifcJi 

i^r. Cl<^ii'; Xy^>-^ p- • 

-m2:^ 5>y H« 6 7 ^^Jt^rx>/f•>^i$]K*^/I^^^^ 
.itWv ;Xyf->^i!^ffilJi6 6-t?x.yf->'^^*sf^it-tS. ^ ' 
[,0 0 0:6.J 9 i^tCv El 1 0 fc^rTi d fc:.,x«,f->:^. , 
'#jt®6 6±C; ri-GaA s*»4,^S n-^g^Va-y 
i^*.S.6 8 Sr^JSg U i n -mS5:/u y :? Ji 6 8 iiJ-it/p: r 
-|S2^'9'y Kfli67±tC, p-GaAs*»^,^Sp- 
a.y:$^:i^:hm 6 9 StJ^^-^S . SI^C. p ^ he ; 

«6 9JblwP«Si7 0;&mt. GaAs^eitfOK 
<Wte?h®fig7 1 ?-Jg^S. • ■ -ti. • . n;; 

[ 0 0 0 7 ] ±IB<^^^«isP— !f#^fcfeV^T, P -II 
1 7 >y K« 6- 5 cTJIgflC*-':*:^,^^^ t . 3t<7)Wtaw= 
iSrS . jEtC . P -m 1 7 y h'Ji 6 5 . . . 

[0008] ±a<^«Bi*»fciJV^-C<i. x.y^>^«c 
jl:S6 6 5:fflV%S^i:t;J;0. p 2 5 -y Hil 6 7 
<7)x-y ^^iJ^O^tip -HI 5 "/ HJi 6 5 ST'X .yf- 

^7-yHii6 7<7)jgipjc|f^,o#*«fe-pTi, P-m 
:5'5 y KJi6 5<0Ki¥^«*>oop-|g2:J'9-y h'Jie 

[ 0 0 0 9 ] ia^^, ^t.t:\m&.<^t:m-i,^m^ 

GaN^4^«cP63e^^^O||ffl-^b&^3i^■C'V^S. I nG 
aN. A 1 GaNS^GaN^^«c|i. V^-fixt-fb^ 
WtC^cST^O. '^x.yhX'y^y^'SrffdCi:**^ 
T-ftl.. -C-OJ^ri^, GaN^^«f*C(^x.yf-y^<7)iglC 
{i, KlBRm (»5tt>f Jj-^-t'-AX-yf-V^^ 

^<OK9'fX.yf-y^^*<fflV^i5>flS. 
[00 10] 



fi. fl6<OGaN|^i|i^tt;«i:tS^S^tooM^««3&< 

[0011] *^0)icogw«, ^m^nmmzmm-h 
mi^mm-^z^bx^hh; 

[0 0 1 2>] 

^-^jx)3l:X/-i yV^J>.<Dd^yk< b t i-p^-^tfSC 

^j^j^i^izi. *)mm^ti:s>¥mi^m.mTx$,-yx. 

tl. l52cDJi*rHlcDgtCit'<r;*;&=5:X>yf-:^^<^. 
,. [.,0 0 1,3 ] *56HBfc:mS*#*lfe3(Sg^tei3V>T{i.; 

m<r>x. v^y^(7mizm 1 coJBTx ^yif^mmmn 

■C. mi<0«(;0Kff&«*>":)-om2<0Jl(?5Bf^*Sr«i 
. .y J^Jitt-S ^ b imHSb 0 . ^ttOgfS-fbfc J: V. . 

[0014 ym2<o^mizg^i>^mi^mem^it. ^t^^ 

mm'i'xh-yx s ^sisjiicm i c^):? 9 -y mam^ 
•y m2<D^^-y ]imcommizt5if?,m 

y \^mi)m 1(0^ y-/ ]<mizitKX:k^ ^rx -y^y^m 

[00151 *^BBfc^5^«J|%JtS^^fc*j(,^T{is 
IS 2 9 -/ H«*»IS 1 5 -y fcifc^T:^ t =3:X 
>y^yj?^Ki&*-ri.M-ft;^!j|^4^^i*:tcJ: OJ^fiJc^^-C 
((-iScOT-. H2C0:?7>y K;i(?)X.yf->'^c7)^{CBl<0 
7 -y HSfx-y ^y^j$S*5^^^tca< =S: 0 . «L< 
{4x»/^:^^<*Ji?jt-tS. Lfc**-9T, HKO^'^'xH 
®<0liJitS-fil*>oog5 2 <7)^ 7 -y K^cOKIf^coaJ^&ii 

-/ & i b ifi^mb^ *) . <m<^M^ii kX/ 

[00 1 6] ||2<?)^7<y mis T)V^- 
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[0017] 112(^^5 •/ HiB«±, yi;^Mr)V^- 
•^AM^tciOJB^Str.-Cfciv^ CK^J^tcfc. 112 
9 -y KJBOX .y f-V^'Sa^S 1 ^0 9 <y FJiteit 

[00181 ^3<^OTt:«S4sS*ll3fc^«:r7l^>^/.- 
[0019] *%BJtc««;i|^^{^s%3t^^'tct5\^mi. 

ffljIJicTJX <y ^y^^OMliZm 1 <75«TX y^ >'r^^< 

[ 0 0 2 0 1 SS4 c^5|aBlC^-S.i{i^f*:5l3i3g^«. 

, ^itm±K:m 1 5 -y h*«*«J^Ji& 

1 9 >y H Ji±tex hy-( y:^<mnm 
a ji*3 J: v'mmji:m±izm 2 07 7 -y vma^m^ s 

a. ^liEffijlJl**^ 1 co^' ^ >y }^mizit^X:k^^Ji-y 

[002 13 ^^mi^m?>^ti^^em^izt5\>^xii. 
i^mii^imitmm^mzx *)m^^iix^^t<^ 

X\ «cS®ihJI«7)X .y f-y^col^tclg 2<7>^'y 'y KJlf 
x>/f-y^'TIS7&i^^^k:a<^:0. ^L<lix>y^i^:5^ 
LfSiifi-yX. mi<0^'7«y b'S<Ol!»?*« 

[ 0 0 2 2 1 msgiaifcWi. ;«ru'>i.. r/i-s 



• td:imui:^t'mmmmmzx*)m^^tixi^i.- 

SiiS i i: K J: 0\ «miJyi<OX -y f^i^^^SSffiAJIS 1 

[0023] «»ilffljt««±. yx'>Ar;l^S-'>A^ 
cox y^y /3SK**II 1 0:?'^ >y Ym\iZit^X±t < * 

■ & i: b i>\z^ «aaaitJi**ig i Hstcs* b-ets 

=m^h:ibifiX'^h, . ... .... , . 

[00243 m3a>m9{\izm'^m^m=f^mmi 
j^<ryy^£< b M 1 -^-k^t^^^mmmz:;. 0 
tcss2<^«s-j^^-r5xgfc< is2<7)a$-x-/^>'^^fc: 

2cr>m<7)«mb LX^ 1 <7)afc:it'<T::*;g==5rx.yf->r:/ 
[002 51 *5|HBt3«si8^J5ri£fc:t3V^TI4>. SI2<D 

^:^:r<^|[SfclS 1 <oarx 'yi-y-xmrnmiHizmK =0r 

.0 . < i±x.^^yi^imimi^\U^-yX-^mv . 

[0 0 2 63 IftC. mioa*«lllO^'5«y HST^fc 
I?. »2<J5a*»^2<0^'5-y l>'JBTfcoTt>J:V\ 

J^^. S|l<7)^^.y Ha<7)lUf fe«*?-PO|Sl<7)^9.y 

H«±{CX b 9-< r«<7)m2<0^ 9 -y }^mt:Wiizmi^ 

[00273 ^6<^^H3tC^S¥^«s^3tS-7^ig®* 

A<%j'^:5:< 1 1> loS:-^tfM^b!B9iS4^*t:: J: OJ^^S 

m2<Dmt:m^'ttT.mb. m2<7)ai:x./^v^^(:J: 
Oxh7'f7^<^BaPaiSrm-r-S.XStSrm, S2 
<^a<Ott«i: Lxmi<r>mizit^X:k^^:C'yi'yinA 

&^^^mmii^^mi^im\^ti>(7>x'$>i. 
[00283 ^^m^z^^m^■JJm^zts^^x^i. m2io 

m(omAb LTHl <oa*cH:^T;*;#=3:x>y^>'^^3lS 
S-*-rSS^fc1*II^#^f*S:fflV^S<0T. IP52<7)«<OX'y 

0. ^U<<ix.yf-yj/3&«l?il:-r*. ^1 
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[0029] m KTiMifi^ V y l^MTh 0 . 112 

[0 0 3 01 B2<7)®<7)«i|EJi:U-C*n?^. y!f^J^A. 
T)V 5 — Afc J: tPf AtfjiJ^'^Sr < 1 1 1 o * *tf 

fcifc'<.t:*:& < S i- i: t tc , ^ 2 «7)Ji;i5|| i <^)jatcj|^ 
[ 0 0 3.1 1. •*3fc;.:Jg2<!D©cOi*Pfi: tT-f :y>J^J^T 

352<OJi#mi<DJit:j^LT«^S^Sii:A« 
[00321 

.vH l<?^Mfe:*i»S G.a tiwmtif:}^-^=F<r>sm 

100331 t-r. miizm-rxoiz^ ^yr-frmL 

ia^:g/'C-y :^ r B 2 . JPJP3 mt^r y K-:r<?3G a N 
m3\ ffi»3Atm(?Dn-GaNJg4. KJSO. l/zmO 
I n,, G-aj. 9 N*><i>^:^, 7 y :^l®±® 5 . mm 
0. 8jum«0n-^A lo. 1 Gao.s Nj&»iJ>^rSn-^'9 
>y H«6.MJ10. l:*imc?)I no.i Ga^.g N*>^^: 
&^M:^#F«ttJ17. jaUO. l/zm<Op-Al 
,., Ga,.9 Nj&»i5»^f-Sp-asi^'9-y tJjlUf 
JKJIO. 8Atmc0p-A lo.z Gao.g No.g Po. i 
<?>^S p-m2:?5-y K®9^MOCVDa 

[0 0 341 iJCtC. ®2{:S^-f-J:5{C. p-^l^^y 
8±<75X h 9 T:K<7)Ml^«r^V p -SS2 ^' 9 -y 
HJi9*RI BES(CJ;0h'9-fX^f-y^^f 5. X-y 
i->f^ii'XtLXCFi SrfflV\ x.y^i^:/^^S:3 0 
ifitCiO. P-mi^'^-y H®8±{;. :^ 
b5'fr<^<Op-m225'5-y h'®9*^Bg$^lS. 

A I O.J Gao.9 No, 9 Po.i *»'o^r-S>P-|l2 
^'7>yKii9<i. Alo.i Gao.9 N*»iJ>^|,p -^1 

^'5 / h'a8j:jt'^Txyf->'/ae*«;*:§<xvx-f>' 

^^^il'^W L7t*<-5r, p-mi^5-yHa8fx 
•y^>'^'^S^^^?St:®<^f^. -r^i^^, P-mi^' 
7-y HJi8!if«x.y^y^ffihiit UT®< . 



[0 0 3 5} S3t:s^-rj:o{c. p-m^'^ 

"/\^m8±l^mmO. 8/imcOn-GaNi{)»^>^&n- 
«8J:/a -y 1 0 P -H 2 5 «y K« 9 

±tJj:Vn-1iSSyo«y:?Jil 0±fc:, ffii^O. l/xm 

S. ijCfci, p-a>'^'^'K®l l*>^n-GaNa4i 
r<^>-«««^R I BEStCJ: Ox.yf:><^^U. n-G 
aN®4Sr^ai$-ti-S. 

[ 0 0 3.6 1 mkiz. p Kill 1 ±tCpm«S 

1 2t:?g^L. S{lJUJtn-GaN®4±(C:nSSgl 3 
i&m-rSv ^ . 

[ 0 0 3.7:1 ±U«Oi atCs JlsSISfiMcO^flcl'— 
^<^^^^tC*i,V>TfSVrp:^W2 7^ >y H« 90«« 
i: LTp-7Sll^?9.*l>*«8ii^|EJ|2lfe/^rC.:*:#^rx.y 

2 ^' ^ y H« 9 <^X .y ^>'^'CO|g»Cp 1 9 •/ 
8$-x«y^>'i5'f?jtJBf:L.TipM-f5ife*«T#S. L 

P -I? 1 ^' 9 >y HJ18co]^S-fii:*>oop - 
IS2:75,-y h*«9iDW^gP^)-^5|lltC|^-f-SC:i:3&fi5r 

: [ OO 358 l i^feo p 77.152 !5r;$r-;y KJS 9<03W^t Ut 

^ -yC^i^i^^A-aS fciiifeiZJftg^^ -IP^ 1 

7 -y HWScO^JfltCiSv^^ i:*»'i£f^-CJ)^ . 

-[ 0 03-9 imA'^msi^Jijme ii^^m<7)m 2 ton 
fuyry^ >vm^^-ti. ar. 04. ssiJix^ 

[00401 ±-f. 04lcS^-rJ:-5t. I^^T-fT^lR 
2 1±tC. AI0.5 Gao.5 N*>^,^r4®iafig;^^^-y7 
r«22. r>F-r<0GaNa2 3. n-GaN«2 
4. Ino.i Gao.9 N*»^,!5rS^'5>yi?R&itjl2 5. 
n-Alo.i Gao.9 N*>^>^ra n-;?'? v HJi2 6. 
In,.i Ga,.9 N3&»/t>^:6^gS^#FMttJ12 7. 
P-Alo.i Gao.9 N*^<i>5:Sp-Sll^'7'yKig2 
8. fcJ:tlfn-Alo.j Gao.8 Nj. 9 Po. 1 *>^=5rS 
n -««£r o «/ ^ Ji 2 9 ^HStCxe^df i^^/l^^g^*- 

[0 04 11<5?fc. 05tC*-*-J:dJC. n-mggyn-y 
^/i 2 90:^ F 5>f R I B E}£fc J: 0 H 5 

^x-y^y^-rs;kic:i:0. Xh9-^r*^<7)^P«B^ 
mm-^. ZCObt. P-mi^'7'y h*^28<0iaif*< 
/h$v^yt:rt. x.yf->'^^A<vg1S«2 7*Tji^Tt'3:V>J: 
d tCX -yf - y^'* P -H 1 ^' 9 «y 2 8r?^fc:||tih 
$-*SjCJS***>S. Alo. 2 Gao.8 No. 9 Po. 1 
=SrSn-^SSyo«y^'ffl2 9{i. Alo.i Gao.9 
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^:*)%; p-gS1^9'y HJi2 83&»Xvf>y^'fff±Jlfc 

[0042] ia6lc:S^-rJ:3t:. ;^h7-^r^^ 

OiapaJF^<0p-^l Hil2 8±i5j:lfn^«8S 
yn>y^'®2 9±fc:p-Alo.i Ga,.9 N*»^>=5rSp 
-|^Z?9'7H«3 0*fig;^$Hf, P-Il2i?9»/ Hii 
3 0±tcp - G a N*'/i>^r^ P - 3 V^' 3 1 Sriife 
ifcfc:. p-3^^'^'b®3 1*><3n^GaN 
«2 4^TcD-g5«^$-R I BE^l OH^L. n-. 
:Ga.N®24SrSai§-tf2>. ' ' 

>:[ 0 0.4a ] gf^C. p -3>^'i!'hJi31±tCpmS 
32?&Jgfi£U. SajL:it:ni^GaNJg24±t:fi«8i3 
3*?^fiR-f-&. 

[0 0 44] jife<oj:dtc, imm<r)^m^-^% 
=x«y f-i5'imK^^s«^*i^-rs i fcci oe n = 

-^frs »/ ^fJi 2 9<0x«y f-i^^i^colfitcp -^m 1 5- 
^y HJi 2 8 &x .y ^y;5^^ihJl t tTfOffli-^^l i: 
• S^Si ■ U3t*«-?t:; P -mi ^ 7 -y KJI 2 SiOj^^ft-.. 

n -y a 2 9 <m:&isk^^w\zwk 

*S i i;**-e§ 5 i p -m 1 5 >y h*JI 2 SX 

h, . 

[ 0 0 4 5 ] S 7 a*l6HBtfOffi 3 OUSt^tC i S'G a N 

[0046] 07<7)^^^t^— !f^^fct3v^r{±. as 

<0p-m2^'5>y Ffl9<0fti)')fcv InAlN*'633r 
Sp-IS2^'9•y He9a*«ig»t^>*lTV^S. p-S2 
^ 5 -y 9 aCO I n . A 1 *J itf N<73mi4 1 no. s 

s. 

[0047] iiimim<r)^Wl'~^%=i-\,Z^\^X t . 
v-^1^y y H«9 aco^Tipft tTp-mi:J'5-y K 
fl80*}^tJfc/<.-C:*:#=5rx .yf-y^^at^tr^rl-SWi^ 
^rSlR-fSiktCiO. P-Il2^'9 y KJi9a(^x.y 
^Vf<nW<Zv-^ \^=7v HiI8 ^x -y f-^-t/fffjlJl 

y V KiiSO^S-^'^OOp -112 ^' 7 -7 l*Ji9 a<0 

10 0 4 8] ±Mmii5Xi/m3(r>mmmTii. p-m 

2^'7«yHJi9. 9a<0*mi:L-CP^-^««&fflV^ 



lOx.y hx^y-^Vi/Srfflvi^c: i: S . 

[0049] ^:t>. ±w^i . m2iixx/^3<r)mmm 

•e{±. x^f'y>'-^Sp-»2^'5-yKJi9, 9ai)t 
{4n-SgS[Xn-y^'«3 0<7)^|ipJtLTAl GaNP* 
fj:<41 nA I N^fflV>TV^-g.*V C<Ofl&tfc. Ill SiTC 
Si:LTB: Ga. A 1 niOd!^!Sr< i: lo**. 

-ir4*i.TV>#LJfJ:<, VfieTegkLTAs, Sb 

[00 5 01 mi*JJ:t^m3<o|l8fifi«JtctJV'>T. 
:?5«y^l?&jt®±fcr;;^h5-fr«<0n-||2:J'5 y 
i5 it/f p -mSSyn^y i^Mi:m^L . n 2 5 -y K 
- »J:fci;tJf p:ti88l3?n'<y^Jl±tc n -m 1 ^' 7 -y K« 
..' : b;>^ i n;<-^mi- :?:^.<y HJi±tC?S«ii, p - 5 -y. 

■ m*5j:t^P-3>':?^'>Ji&JltCjeBKUTfeJ:v>. ' 
[005 1] ife. ±^1. l|2t^t4m3<0||ifi^J 

.10 0 5.2 ] ±ie5£56m'{4. 

[HI] 2t:^B^i0m lV)mmmiZi5ifi> G a N^^^H^ffc 

-*?i3ri[H2]r2p:S6H^OmiiiO||||6^J{Ct5Jt&G'a^ 
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